Sequences of the internal transcribed spacer (ITS) region including the 5.8S rRNA gene delineated seven genotypes within the three varieties of Cryptococcus neoformans via specific combinations of eight nucleotide differences located at positions 10, 11, 15, 19, 108 (ITS1), 221 (5.8S), 298 and 346 (ITS2). The ITS types correlated to polymerase chain reaction fingerprint/random amplification of polymorphic DNA (RAPD) molecular types: with ITS type 1 (ATACTAGC) = C. neoformans var. grubii, molecular types VNI+VNII and the serotype A allele of the AD hybrid, VNIIIA; ITS type 2 (ATATAGGC) = the serotype D allele of the AD hybrid, VNIIIB, and C. neoformans var. neoformans, VNIV; and ITS type 3 (GCGCTGGC) and ITS type 7 (ACGCTGGC) = VGI = RAPD type III, ITS type 4 (ACACTGAC) = VGII = RAPD type II, ITS type 5: (ACACTGGG) = VGIII = RAPD type I, ITS type 6 (ACACTGGC) = VGIV = RAPD type IV, all corresponding to C. neoformans var. gattii. Cloned sequences from serotype AD revealed that the hybrid serotype is diploid at the ITS1-5.8S-ITS2 locus carrying the ITS type 1 (ATACTAGC) and the ITS type 2 (ATATAGGC) alleles. ITS sequencing is a useful technique for genotyping the three C. neoformans varieties and for subtyping within C. neoformans var. gattii.
Introduction
Cryptococcus neoformans (C.n.) is a pathogenic fungus with three varieties currently recognized: C.n. var. grubii (serotype A), C.n. var. neoformans (serotype D), and C.n. var. gattii (serotypes B and C) [1^4] . In addition there exists a hybrid of C.n. var. grubii and C.n. var. neoformans, serotype AD. It has recently been proposed that C. neoformans be recognized as two distinct species, C. neoformans (serotypes A, AD, and D) and C. gattii (serotypes B and C) [5] . However, since this proposal was made after this study was ¢nished, we will refer to three varieties of a single species, C. neoformans. C.n. var. grubii has recently been introduced due to genetic characteristics that distinguish it from C.n. var. neoformans [1, 6] . It is the most common cause of fungal meningitis in immunocompromised hosts worldwide, and has a global distribution [1, 6] . Furthermore, it has been recently reported that the prevalence of C.n. var. neoformans (serotype D) is signi¢cantly higher than previously perceived [1] . In contrast, the distribution of human cryptococcosis due to C.n. var. gattii is mainly restricted to tropical and subtropical climates, and typically a¥icts immunocompetent hosts [2, 7] . However, a recent outbreak of C.n. var. gattii among residents and companion animals of Vancouver Island, British Columbia, on the west coast of Canada, indicates changing patterns of distribution [8] . have been used to characterize the genotypes of C. neoformans. Previous studies have sub-classi¢ed C. neoformans into eight molecular types, based upon PCR ¢ngerprinting with mini-or microsatellite-speci¢c primers [12, 14, 16] . Similarly, RAPD analysis has grouped C.n. var. gattii isolates into three subtypes [17] . The comparable genotypes are: C.n. var. grubii (serotype A = molecular types VNI and VNII), the serotype AD hybrid ( = molecular type VNIII), C.n. var. neoformans (serotype D = molecular type VNIV), and C.n. var. gattii (serotypes B and C = molecular types VGI = RAPD type III, VGII = RAPD type II, VGIII = RAPD type I, and VGIV) with no speci¢c correlation to serotype. The RAPD types have been correlated to internal transcribed spacer (ITS) sequence types for a limited number of C.n. var. gattii isolates in a previous study [17] .
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We now extend our analysis of the ITS1-5.8S-ITS2 region to all three varieties of C. neoformans, including 96 isolates representing all eight molecular types previously observed by PCR ¢ngerprinting [14] , in order to further characterize these molecular types and to evaluate the usefulness of ITS sequencing as a subtyping method.
Materials and methods

C. neoformans strains used in the study
Ninety-six isolates were studied in this report: 11 strains of C.n. var. grubii, seven strains of C.n. var. neoformans, 10 strains of the serotype AD hybrid and 68 strains of C.n. Table 1 for strain numbers and details of origin. In addition, three di¡erent Cryptococcus species were used as outgroups in this study : C. luteolus (CBS943), C. curvatus (CBS570) and C. laurentii (WM601). Fungal strains were inoculated onto potato dextrose agar (Difco, Detroit, MI, USA) slants at 30 ‡C for approximately 48^72 h. Following two subcultures, the serotype of each strain was determined by the slide agglutination test (IATRON Crypto Check, Iatron, Tokyo, Japan) (for results see Table 1 ).
Extraction of DNA
DNA extractions were carried out independently in Japan or Australia using di¡erent extraction protocols. DNA extractions in Japan were carried out according to the procedures described by Tamura et al. [18, 19] : 250 Wl of GPT reagent (6 M guanidine thiocyanate, dissolved in 50 mM Tris pH 8.3) and 450 Wl of Tris (pH 8.0)-bu¡ered phenol were added to a suspension of washed yeast cells in a microfuge tube and the mixture was boiled for 15 min; 250 Wl of chloroform^isoamyl alcohol was then added, and the aqueous phase separated by centrifugation at 12 000Ug, mixed with an equal amount of 100% isopropanol and 1/10 volume of 3 M sodium acetate, and placed at 320 ‡C for 1 h. Samples were centrifuged at 12 000Ug for 20 min. The nucleic acid pellet was then washed with ice-cold 70% ethanol, dried and resuspended in sterile TE bu¡er at a concentration of 5 Wg ml 31 . DNA extractions undertaken in Australia were carried out as previously described [13] .
RAPD analysis
RAPD analysis was undertaken in Japan. The RAPD reactions were performed in a 25-Wl volume containing 12.5 ng of genomic DNA, 20 pmol of primer A-1 (5P-ATT GCG TCC A-3P) [17^19], and one PCR bead (Ready-to-Go PCR bead, Amersham Pharmacia Biotech, Piscataway, NJ, USA). An initial denaturation of 94 ‡C for 4 min was followed by 35 cycles of 94 ‡C for 2 min, 32 ‡C for 2 min, and 72 ‡C for 2 min, followed by a ¢nal extension at 72 ‡C for 10 min. All reaction products were characterized by electrophoresis on 1.5% agarose gels in 1UTBE bu¡er at 80 V for 90 min, and then stained in a [20] , all other ITS sequences are determined in Japan using primers ITS4 and ITS5 [18] . c Molecular types obtained by PCR ¢ngerprinting with primer M13 (5P-GAGGGTGGCGGTTCT-3P) in Australia [12, 13] .
0.5 Wg ml 31 ethidium bromide solution, and visualized by UV transillumination.
PCR ¢ngerprinting
PCR ¢ngerprinting analysis was undertaken in Australia. Molecular types for many of the strains included in this study have been established in a global molecular epidemiology study [12, 14, 16] . These data were generated according to a previously described protocol [14] 
ITS1-5.8S-ITS2 sequencing
Ampli¢cation of the ITS1-5.8S-ITS2 fragment was performed either in Japan or in Australia, using slightly different protocols. For the Japanese protocol, ampli¢cation reactions were performed in 30-Wl volumes containing 12.5 ng of genomic DNA, 20 pmol each of primers ITS4 (5P-TCC TCC GCT TAT TGA TAT GC-3P) and ITS5 (5P-GGA AGT AAA AGT CGT AAC AAG G-3P) [20] and one PCR bead (Ready-to-Go PCR bead, Amersham). An initial denaturation at 94 ‡C for 4 min was followed by 30 cycles of 94 ‡C for 1 min, 55 ‡C for 1 min, and 72 ‡C for 1 min, followed by a ¢nal extension at 72 ‡C for 10 min [18] . The PCR products were puri¢ed using a PCR product pre-sequencing kit (USB, Cleveland, OH, USA), and then sequenced directly using a Big Dye terminator reagent kit, including Taq DNA polymerase, according to the protocol recommended by the manufacturer (Applied Biosystems, Foster City, CA, USA). Sequencing was performed on a 310 automated DNA sequencer (Applied Biosystems).
For the Australian protocol, ampli¢cation reactions were performed in a 50-Wl volume, containing 30 ng of genomic DNA, 1UPCR bu¡er (Applied Biosystems, Branchburg, NJ, USA), 0.2 mM each of dATP, dCTP, dGTP and dTTP, 3 mM magnesium acetate, 25 ng each of primers SR6R (5P-AAG TA A G AAG TCG TAA CAA GG-3P) and LR1 (5P-GGT TGG TTT CTT TTC CT-3P) [21] and 2.5 U Taq DNA polymerase (Applied Biosystems). An initial denaturation at 97 ‡C for 3 min was followed by 20 cycles of 97 ‡C for 35 s, 50 ‡C for 55 s, and 72 ‡C for 45 s+4 s/cycle. This was followed by 10 cycles of 97 ‡C for 45 s, 50 ‡C for 55 s, and 72 ‡C for 2 min+4 s/cycle, and ¢nally 72 ‡C for 6 min. PCR products were puri¢ed using the GeneClean Spin kit (Bio101, Quantum Technologies, Carlsbad, CA, USA) and 100 ng of the puri¢ed DNA was used to sequence both directions of the ampli¢ed fragment on an ABI 373 automated DNA sequencer (Applied Biosystems) or on a LiCor automated DNA sequencer (LiCor, Lincoln, NE, USA).
Cloning of ITS1-5.8S-ITS2 sequences from serotype AD
In light of the observations of multiple alleles at the URA5 locus in serotype AD [21] , the serotype AD ITS1-5.8S-ITS2 regions were cloned and sequenced to determine whether multiple alleles also existed at this locus. A 10-Wl ligation reaction containing 1URapid ligation bu¡er (Promega, Madison, WI, USA), 50 ng pGEM cloning vector (Promega), 40 ng of puri¢ed PCR product, 3 U T4 DNA ligase was incubated at room temperature for 3 h and then stored at 4 ‡C overnight. 4 , and 20 mM glucose) was added to the transformation mixture and incubated at 37 ‡C for 1 h with shaking. 200 Wl of transformed cells were spread on to LB agar containing 50 mg l 31 ampicillin that had been coated with 40 mg ml 31 of X-gal (Promega) and 100 mg IPTG (Promega). The plates were incubated at 37 ‡C overnight. White colonies were picked from the agar with a sterile toothpick and used as the template in a PCR to re-amplify the ITS region. Ampli¢ed ITS1-5.8S-ITS2 fragments were puri¢ed and sequenced as described above.
Sequence editing and phylogeny
Sequence alignment was performed in Japan using the CLUSTALW software [23] , while in Australia sequences were manually aligned using the program SeqPup v.0.6 (iubio.bio.Indiana.edu/soft/molbio/seqpup). Phylogenetic relationships between representative sequences of each ITS type were estimated by maximum-parsimony analysis using the software PAUP* 4.0b10 (PPC/Altivec) for Macintosh (Swo¡ord 1998, Florida State University, Miami, FL, USA). The search for the most parsimonious trees was performed using the heuristic search option of PAUP* 4.0b10. Bootstrap analysis with 100 bootstrap replications using the heuristic search option of the program PAUP* 4.0b10 was carried out to test the robustness of the internal branches. 
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for 11 C.n. var. grubii strains, seven C.n. var. neoformans strains, 10 serotype AD hybrid strains and 68 C.n. var. gattii strains. EMBL and DDBJ accession numbers for these sequences are given in Table 1 . All C. neoformans strains revealed an identical ITS1-5.8S-ITS2 region length of 463 bp. The outgroup cryptococcal species investigated possessed di¡erent ITS region lengths. The ITS sequence of C. luteolus CBS943 was 432 bp (EMBL accession number AJ493576), C. curvatus CBS570 was 382 bp (EMBL accession AJ493577) and C. laurentii WM601 was 431 bp (EMBL accession AJ493578). The sequences were aligned and searched for variety or molecular type-speci¢c sequence signatures. All C.n. var. grubii (serotype A) strains revealed identical ITS sequences. The same was found for all C.n. var. neoformans (serotype D) strains. In addition the C.n. var. neoformans strains had identical sequences to the serotype AD hybrid strains investigated when the obtained PCR products were sequenced direct. In contrast to the low variation found in the serotype A, D and AD strains, revealing only two ITS sequencing types, the 68 strains studied from C.n. var. gattii exhibited ¢ve di¡erent sequence types. The following ITS types were found within the C. neoformans complex: ITS type 1 = C.n. var. grubii (serotype A) and the serotype A allele of the AD hybrid; ITS type 2 = C.n. var. neoformans (serotype D), the serotype D allele of the AD hybrid and the serotype AD hybrid (if sequenced directly from the obtained PCR product); ITS type 3, ITS type 4, ITS type 5, ITS type 6 and ITS type 7 all correspond to C.n. var. gattii (serotypes B and C). Fig. 1 shows a sequence alignment including one representative sequence for each observed ITS type. The sequences representing C.n. var. grubii and C.n. var. neoformans were distinguishable from C.n. var. gattii by one nucleotide at position 11 of the ITS1 region (T in C.n. var. grubii and C.n. var. neoformans or C in C.n. var. gattii). C.n. var. grubii showed sequence variation at nucleotide positions 19 and 108 of the ITS1 region from those of C.n. var. neoformans (C or T in position 19 and T or A in position 108 in C.n. var. grubii or C.n. var. neoformans respectively). C.n. var. grubii showed a characteristic base A at nucleotide position 221 in the 5.8S rDNA gene where there was a G in the other two varieties. Based upon the sequence di¡erence at positions 11, 19, 108 and 221 of the ITS1 and 5.8S rRNA gene, the three varieties were found to be delineated by the combination of these four bases:CCTG for C.n. var. gattii, TCTA for C.n. var. grubii and TTAG for C.n. var. neoformans ( Figs. 1 and 2 ).
Cloning of serotype AD ITS regions
The ITS1-5.8S-ITS2 regions ampli¢ed from one serotype AD strain (IFM46138), representing the URA5 hybrid between VNI and VNIV [15] , were cloned and then randomly selected clones were individually re-sequenced, to determine whether the hybrid strains are haploid or diploid at the ITS locus. All cloned sequences were found to harbor either the ITS type 1 or the ITS type 2 allele sequence, corresponding to the serotype A or D ITS sequence, respectively. This con¢rmed that the serotype AD hybrid is diploid at the ITS1-5.8S-ITS2 locus.
ITS signature sequences for subtyping C.n. var. gattii
The ITS region including the 5.8S rRNA gene was sequenced for 68 strains of C.n. var. gattii and compared with those from C.n. var. grubii, C.n. var. neoformans and the AD hybrid. The ITS types were de¢ned based upon the sequences at four variable positions, positions 10 and 15 in the ITS1 region, and 298 and 346 in the ITS2 region. Of the 68 strains, 14 were classi¢ed as AAGG = ITS type 5, 29 as AAAC = ITS type 4, 16 as GGGC = ITS type 3, and seven as AGGC = ITS type 7 (Fig. 1) . Two strains (IFM50896 and B-5742) could not be assigned to any of these groups; the four-base sequence combination for these strains was AAGC. It was observed that the AAGC ITS type has greatest similarity to, and possible origins within, the AAAC and AGGC types. Therefore the AAGC sequence type was designated a new ITS type 6 (Fig. 1) . ITS sequencing divided all 68 studied C.n. var. gattii strains into ¢ve ITS types.
ITS sequence signatures to subtype all varieties and molecular types of C. neoformans
Based on the combination of eight di¡erent bases at the positions of 10, 11, 15, 19, 108 (ITS1 region), 221 (5.8S region), 298, and 346 (ITS2 region), we found that the 96 strains of C. neoformans could be classi¢ed into seven ITS types, which could be correlated to molecular types previously determined by PCR ¢ngerprinting [12, 14, 16] or RAPD analysis [17] : ITS type 1 (ATACTAGC = C.n. var. grubii; molecular type VNI and VNII and the serotype A allele of the AD hybrid (VNIIIA), ITS type 2 (ATATAGGC = the serotype D allele of the AD hybrid (VNIIIB), AD hybrid after direct sequencing of the PCR product and C.n. var. neoformans ; VNIV), ITS type 3 (GCGCTGGC) and ITS type 7 (ACGCTGGC) both = C.n. var. gattii; VGI = RAPD type III), ITS type 4 (ACACTGAC = C.n. var. gattii; VGII = RAPD type II), ITS type 5 (ACACTGGG = C.n. var. gattii ; VGIII = RAPD type I), and the new ITS type 6 (ACACTG-GC = C.n. var. gattii; VGIV) (Fig. 2) .
Phylogenetic analysis of the ITS1-5.8S-ITS2 region
In order to determine the phylogenetic relatedness between the di¡erent molecular types and varieties of C. neoformans, representative sequences of each ITS type and previously identi¢ed molecular types were aligned and a phylogenetic analysis was carried out using the program PAUP* 4.0b10, generating six maximum-parsimony trees, each with a tree length of 173 steps, a consistency index (CI) of 0.9711, a retention index (RI) of 0.9609, and a homoplasy index (HI) of 0.0289. The consensus tree generated from this analysis clustered the obtained ITS sequences into two major branches with the ¢rst one comprising the ITS type 1 (C.n. var. grubii = molecular types VNI and VNII and the serotype A allele of the AD hybrid, VNIIIA) and ITS type 2 (serotype D allele of the AD hybrid (VNIIIB) and C.n. var. neoformans, VNIV) and the second cluster comprising all ¢ve C.n. var. gattii ITS types : ITS types 3 and 7 (both VGI = RAPD type III), ITS type 4 (VGII = RAPD type II), ITS type 5 (VGIII = RAPD type I) and the newly discovered ITS type 6 (VGIV) (see Fig. 3 ). The ¢rst cluster was subdivided into two branches, corresponding to ITS type 1 (C.n. var. grubii and the serotype A allele of the AD hybrid) or ITS type 2 (C.n. var. neoformans and the serotype D allele of the AD hybrid).
PCR ¢ngerprinting and RAPD analyses
PCR ¢ngerprinting with the minisatellite-speci¢c primer M13 and the microsatellite-speci¢c primer (GACA) 4 previously grouped over 1000 clinical and environmental isolates into eight major molecular types [12, 14, 16] . RAPD analysis has previously grouped isolates of C.n. var. gattii into three RAPD types. The PCR ¢ngerprinting molecular type VGI (corresponding to the RAPD type III) was further subdivided by ITS sequence analysis into two ITS types: ITS type 3 and ITS type 7, which di¡ered by one nucleotide at position 10 of the ITS1 region. Examples of PCR ¢ngerprints obtained from ITS type 7 strains are shown in comparison to the eight molecular PCR ¢nger-printing standards in Fig. 4 . No speci¢c di¡erences were found in the PCR ¢ngerprinting pro¢les or RAPD patterns within the ITS type 7 isolates, when compared to those of ITS type 3.
The C.n. var. gattii strains IFM50896 and B-5742, previously assigned to molecular type VGIV by PCR ¢nger-printing, were observed to have a unique ITS1-5.8S-ITS2 sequence, and were assigned a new grouping, ITS type 6. This subgroup of C. neoformans strains had not been found in the RAPD analysis conducted previously in Ja- Fig. 4 . PCR ¢ngerprint pro¢les obtained from ITS type 7 isolates using the microsatellite-speci¢c primer M13 (5P-GAG GGT GGC GGT TCT-3P) as a single primer in the PCR. Lanes 1^5 = ITS type 7 isolates, lane 6 = 1-kb Gibco BRL molecular marker, lanes 7^14 = the molecular type standard strains. [17] . RAPD analysis was carried out on the ITS type 6 = VGIV strains in this study, and compared with the previously established RAPD patterns. The RAPD patterns of the ITS type 6 strains were di¡erent from representative strains of the other ITS types: IFM5879 (ITS type 5 = VGIII = RAPD type I), IFM48218 (ITS type 4 = VGII = RAPD type II), and IFM46640 (ITS type 7 = VGI = RAPD type III). RAPD bands of approximately 380, 890 and 980 bp were observed to be characteristic for the ITS type 6 strains, and were not present in the RAPD pro¢les of strains belonging to any other ITS types (Fig. 5) . A new RAPD patterns, RAPD type IV, was established, which corresponds to the PCR ¢ngerprinting molecular type VGIV.
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Discussion
Variation within the ITS regions including the 5.8S rRNA gene for the three varieties of C. neoformans and the AD hybrid was examined via sequencing to measure intraspeci¢c variation. In the current study, ¢ve variable nucleotide (nt) positions were observed within ITS1, one within the 5.8S rRNA gene, and two within the ITS2 region. Previous comparisons of the cryptococcal ITS regions observed only three variable positions within the combined ITS1 and ITS2 regions between isolates representing serotypes A, D, B, and C [24] . Given that only four strains were used in that study, certainly the variable nucleotide positions observed with di¡erent molecular types, particularly within C.n. var. gattii, could not be discerned. In addition, the ITS1, 5.8S, and ITS2 regions were reported to be 124 nt, 158 nt and 187 nt in length (total region length = 469 nt), respectively [24] , whereas in the current study the ITS1 region was observed to be 121 nt, the 5.8S gene 169 nt, and the ITS2 region 173 nt in length (total region length = 463 nt). Close examination of the sequences of Fan et al. [24] available from the NCBI database (http://www.ncbi.nlm.nih.gov) revealed that the ITS1, 5.8S, and ITS2 regions were 120 nt, 169 nt, and 173 nt in length (total = 462 nt), respectively, despite the di¡er-ent lengths originally reported [24] . Alignment of their rDNA sequences (accession numbers L05428 and L14068) [24] to the ITS sequences in the herein reported study revealed a single deletion of a T nucleotide in the sequence obtained by Fan and co-workers, at position 76 of the alignment, corresponding to the ITS1. The sequences observed in the current study did not have any insertions or deletions causing length variability, and are in agreement with those sequences of the locus reported in previous studies [17] . The observed deletion within the sequence of Fan et al. [24] , may be attributed to the relatively crude sequencing techniques available at that time.
In addition, the current analysis revealed that each variety of C. neoformans can be clearly di¡erentiated based upon its ITS sequence. A single variable nucleotide was also found at position 19 of the ITS1 region, comprising a T in C.n. var. neoformans and the serotype D allele of the AD hybrid, and a C in the C.n. var. gattii, C.n. var. grubii and the serotype A allele of the AD hybrid. Comparison of the 5.8S gene sequences from 68 strains of C.n. var. gattii, seven C.n. var. neoformans strains and 10 serotype AD hybrid strains with those obtained from 11 C.n. var. grubii strains revealed a single nucleotide di¡erence at position 221, with G for the ¢rst group and A for C.n. var. grubii. Hence, by determining the base composition at position 19 in the ITS1 region and position 221 of the 5.8S region, all three varieties could be di¡erentiated with C.n. var. grubii CA, C.n. var. neoformans TG and C.n. var. gattii CG.
Nucleotide di¡erences delineate C.n. var. gattii and C.n. var. grubii (including the serotype A allele of the AD hybrid) from C.n. var. neoformans (including the serotype D allele of the AD hybrid) at the ITS1 locus. From these results, we propose that the four nucleotide positions 11, 19, 108 and 221 should form the basis for the di¡erentia-tion of the three varieties, having nucleotide combinations of TCTA = C.n. var. grubii, TTAG = C.n. var. neoformans, and CCTG = C.n. var. gattii. This single PCR step/sequencing method is simple and reliable due to the small ampli¢ed ITS band size of 463 bp.
It was observed that cloned ITS sequences from serotype AD revealed two ITS sequence types: ITS type 1 = serotype A allele and ITS type 2 = serotype D allele, indicating that the serotype AD is diploid at this locus. These results con¢rmed the results found in a previous study examining the ploidy of the serotype AD [22] . This study observed that strains of serotype AD comprised either two or three di¡erent copies of the URA5 gene, which corresponded to URA5 sequences from strains corresponding either to molecular types VNI, VNII and VNIV or VNII and VNIV, suggesting di¡erent recombination events be- tween C.n. var. grubii and C.n. var. neoformans leading to diploid or triploid strains [16, 22] Clear associations were observed between the ITS types observed herein, and PCR ¢ngerprinting and RAPD pro¢les observed in previous studies. In addition, by correlation of known PCR ¢ngerprinting, RAPD and ampli¢ed fragment length polymorphism types [10] , it has been possible to infer the relationship of ITS types to the genotypes determined in a study of the intergenic spacer (IGS) of C. neoformans [25] . ITS type 1 corresponds to the IGS genotypes 1A, 1B, and 1C, ITS type 2 corresponds to IGS genotypes 2A, 2B, and 2C. The ITS types 3 and 7 correspond to IGS genotype 4, ITS type 4 corresponds to IGS genotype 3, and ITS type 5 to IGS genotype 5. Representatives of ITS type 6 (PCR ¢ngerprint molecular type VGIV, RAPD type IV) were not included in the published IGS study. However, the currently estimated phylogenetic relationships between isolates of each of the seven observed ITS types are in concordance with those determined using the IGS region [25] .
C.n. var. gattii was ¢rst reported to be associated with Eucalyptus trees and the dispersal of this agent has been proposed to be related to eucalypt exportation from Australia throughout the world [7, 12, 26] . It has been found that clinical and environmental isolates of C.n. var. gattii from Australia and the USA could be classi¢ed into three major pro¢les (VGI, VGII and VGIII) using the RAPD method and PCR ¢ngerprinting [7, 13] . Among the three pro¢les, a predominance of type VGI was reported [7, 13] . Our analysis of C.n. var. gattii showed that the clinical and environmental strains with the VGI molecular type from the USA [12, 14, 16] and RAPD type III pro¢le [17] belong to ITS type 3, and other strains with the VGIII molecular type [12, 14, 16] = RAPD type I [17] belonged to ITS type 5. These data support previous suggestions of the possibility of a recent fungal transfer due to eucalypt exportation from Australia to the USA [7, 26] .
Of the 68 C.n. var. gattii strains, two (IFM50896 and B-5742) revealed a novel ITS genotype. These isolates, originating from Johannesburg, South Africa, and Punjab, India, respectively, both belong to the PCR ¢ngerprinting molecular type VGIV [12, 15] . VGIV has been isolated infrequently only among isolates from South Africa, India, and some countries within South America [16, 27] . Our data support these PCR ¢ngerprinting results, and we propose the designation of the new ITS type 6 for these strains. Since both strains were also found to belong to serotype C, the ITS genotypes among the other serotype C strains in the study were investigated. ITS typing results from the four other serotype C strains in the study (CBS6993, IFM5873, IFM5875, and IFM5883) revealed that they belonged to ITS type 5, corresponding to molecular type VGIII = RAPD type I. These data suggest that the serotype does not necessarily conform to ITS genotype delineations within C.n. var. gattii. Similar observations were made in molecular epidemiology studies using PCR ¢ngerprinting [12, 14, 16, 28] , which suggests that serotyping is not a reliable typing method for C. neoformans.
From the point of view of DNA sequence similarity, ITS type 6 (ACACTGGC) (VGIV = RAPD type IV) has greater similarity to ITS type 5 (ACACTGGG) (VGIII = RAPD type I) and ITS type 4 (ACACTGAC) (VGII = RAPD type II) than to ITS type 3 (GCGCTGGC) and ITS type 7 (ACGCTGGC) (both VGI = RAPD type III), based upon the rate of nucleotide substitutions. This level of heterogeneity was not observed among C.n. var. neoformans and C.n. var. grubii ITS sequences. Xu et al. [29] , in a study of several cryptococcal genes, including the ITS1-5.8S-ITS2, estimated the divergence of C.n. var. gattii from C.n. var. grubii and C.n. var. neoformans to be 37 million years ago, whereas the divergence of C.n. var. grubii and C.n. var. neoformans was estimated at 18.5 million years ago. The divergence of serotypes B and C was estimated at 9.5 million years ago. Our observations of signi¢cantly greater diversity among C.n. var. gattii compared to that observed in C.n. var. grubii or C.n. var. neoformans support these estimates. C.n. var. grubii has been recently established [6] and the ¢ndings of this study support a phylogenetically ¢xed position of C.n. var. grubii, being distinct from the other two varieties of C. neoformans, but more closely related to C.n. var. neoformans than to C.n. var. gattii (see Fig. 3 ).
This study revealed further evidence for the delineation of three varieties within the C. neoformans species complex by providing a fast and informative technique to identify C. neoformans isolates in clinical laboratories to the variety level. It also indicates evidence for ongoing speciation within the C. neoformans species complex, by further subtyping of C.n. var. gattii isolates to the molecular type level and demonstrating the origin of the two alleles of the ITS1-5.8S-ITS2 locus of the AD hybrid strains.
